Background: Semantic and inferencing abilities have not been fully examined in children
Introduction
Semantic skill and inferencing ability are areas of language which have been less studied than more formal linguistic performance in populations with specific language impairment (SLI). This is despite the fact that these areas are core skills in early language learning, are essential to competent conversation (Leionenen and Kerbel, 1999) and are frequently reported as difficulties in children with communication disorders (Norbury and Bishop, 2002) .
Semantic ability in typical development
Semantic ability concerns understanding the meanings of words or phrases and the expression of these. There has been much literature written about the very early stages of semantic development. Semantic skills are important from the earliest speech development, and indeed, most study has been conducted before the ages of 2 or 3 years by which time many children are fluent talkers and competent comprehenders. It is believed for example that infants learning language use the connection between utterance and semantic context as an essential cue. There is also evidence that children use their ideas about the speaker's focus of attention to guide interpretation of language and that semantic cues (along with phonological ones) can guide syntax learning (Tomasello, 2001; Tabossi, Collina and Sanz , 2002) .
However semantic development continues throughout childhood. Very young typically developing children cannot always correctly mark semantic roles for agent and patient using novel verbs (Conti-Ramsden & Windfuhr, 2002) . Furthermore, McGregor and colleagues (2002) conducted a series of insightful experiments with 5 year olds which showed that the semantic lexicon includes functional and physical features, and that the risk of semantic 3 retrieval error for a word is related to the degree of semantic knowledge about that lexicon.
Nevertheless, beyond early development, semantic skill has been somewhat neglected by developmental scientists, and the more subtle semantic understanding that develops as children get older is not as well documented. This creates a difficulty for clinicians, especially as the implications of semantic understanding stretch further than oral language development. In a recent study by Roth, Speece and Cooper (2002) semantic abilities such as oral definitions were found to predict later reading abilities, particularly passage comprehension, better than phonological awareness. Thus semantic ability has important implications for educational and social progress.
Inferencing ability in typical development
Inferencing refers to the abstraction of information that is not explicitly presented. The ability to infer information is complex and requires a number of different skills. Like semantic skill, the ability to make inferences also influences normal language development. For example, children asked to choose objects as referents for proper nouns will infer that the animate object is the correct target (Jaswal & Markman, 2001) . The ability to make inferences relies on adequate comprehension of presented material and on the ability to meta-represent (that is hold more than one concept in one's head simultaneously) and begins as young as 2 years of age. Depending on the type of inference, an ability to perspective-take may also be needed. For example, Pillow (1999) showed that 6 year olds but not 4 year olds inferred that a puppet knew the colour of a toy inside a can if the puppet had looked into it.
The conceptual development of inference is also related to linguistic skill (Weist et al, 1997) . This is particularly true when children are asked to infer mood or social behaviour. Other researchers have found that inferencing skill is affected by pragmatic factors such as the salience of information in the development of story concepts (Ackerman, Paine and Silver, 4 1991) . Inferencing is also related to educational progress. For example, Cain, Oakhill and colleagues (1999; 2001) have shown that inferencing plays a key role in text comprehension.
In their studies children with poor reading comprehension ability were also poorer at inferring information from a text even when availability of relevant knowledge was controlled for.
Semantic and inferencing skills in children with language impairment Clinicians have long realised that it is important to assess impairment in these areas because it often signals a failure in conversational skills and therefore the possibility of a breakdown in naturalistic language and even social relationships. However objective assessment has been difficult in practice. As children with language impairments develop, they become increasingly able to perform well on standardised tasks of semantic and comprehension ability whilst still manifesting crucial impairments in real life interaction (Botting et al, 1997) . Thus the face validity of such tests appears weakened with age. A substantial proportion of children with communication disorders are known to have semantic difficulties (58% of a sample reported in Conti-Ramsden & Botting, 1999) . However these are less understood than other areas of difficulty and may take many forms. Although word finding has been addressed to some extent in the literature (e.g.,Dockrell, Messer, George and Wilson, 1998) semantic understanding has been less well examined. Clinically, some subgroups of children with language impairment, especially those with marked pragmatic difficulties (PD) are thought to have more difficulties with these subtle skills than those with a more linguistic deficit typical of specific language impairment (SLI).
Speech and language therapists are likely to have contact with children with two groups of children with PD: Individuals with pragmatic language impairment (PLI) and children with autistic spectrum disorder (ASD). Those with PLI have a difficulty with appropriacy of language, coherence, the amount of information given, speaker-listener roles, turn-taking and the relevance of language in conversation. At the same time, these children do not meet formal diagnoses for autism or Asperger's disorder, largely because they do not appear to have the same degree of cognitive rigidity or obsessional tendency seen in those with ASD.
This group of children are the same as those previously described as having semantic pragmatic disorder (Bishop and Rosenbloom, 1987; Rapin & Allen, 1983; Rapin, 1996) , but this group is now often referred to as having PLI following findings that semantic difficulties are not any more characteristic of this group than of children with typical SLI (Bishop, 1998) .
Furthermore, when semantic errors are made, they are qualitatively different in children with PLI representing a more serious 'pragmatic' breakdown of conversation rather than purely word finding difficulties (Botting and Conti-Ramsden, 1999; Conti-Ramsden et al, 1997) .
Although children with ASD may have similar conversational problems, they also meet current diagnostic criteria for autism, comprising the "triad" of impairment: social impairment; communicative impairment; and an impairment in creativity, flexibility of thinking and generalisation (DSM IV, APA, 1994) .
There is an ongoing issue about defining these groups of children as distinct from one another which has proved controversial in itself (Boucher, 1998; Brook and Bowler, 1992; Gagnon, Mottron and Joanette, 1997) . This may be partly due to the apparent heterogeneity of both groups and because of the ever-widening definition of ASD (Botting and Conti-Ramsden, 1999 ). The lack of clearly defined subgroups has inevitably made it difficult to evaluate and implement research findings, with clinicians now sometimes unsure how the receptive skills and weaknesses of the groups can be measured, and how they compare to other children with language impairments.
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More recently, studies have begun to look at this problem again, with the added help of better definitions of the difficulties experienced. In (1998) Bishop published the Children's Communication Checklist (CCC), a scale regarding a number of aspects of communication skill rated by the teacher or speech-language. The scale was designed to distinguish children with pragmatic difficulties from other children with more typical language impairments.
Nine scales are included comprising speech, syntax, inappropriate initiation*, making sense in conversation*, stereotyped conversation*, context*, rapport*, social relationships and interests. The middle five scales (marked *) make up a pragmatic composite scale which showed positive results in discriminating groups with PLI, ASD and SLI using a threshold of 132 to indicate pragmatic difficulties (Bishop, 1998; Bishop and Baird, 2001, Botting, 2004) . (2002) also produced an important study that begins to 'tease out' some of the differences between those with language based pragmatic difficulties (PLI) and those with more pervasive developmental disorders such as autism, and showed that the two could occur independently. The present study therefore examines these groups both combined and as separate groups.
Bishop and Norbury
Although studies have been conducted that examine differences in semantic and inferencing abilities between children with and without PD (Bishop & Adams, 1992; Vance & Wells, 1994; Letts & Leionenen, 2001 ) the clinically observed differences have been very difficult to isolate in research contexts. In all of these studies, children with language impairments of both subtypes have experienced similar difficulties with the tasks. There may be a number of reasons for this apparent lack of sensitivity of standardised tests. Clinicians may describe children with PD as having a semantic or inferencing difficulty when in fact impairment is due to other complex factors present in online conversation (such as lack of awareness about the listener's needs). This would mean that when skills are examined in a more controlled way, no added deficit is evident in this group compared to those with SLI. Alternatively, large verbal processing loads inherent in many tasks might cause children with SLI (who are now known to have processing difficulties, Montgomery, 2003) considerable difficulties in experimental conditions which are minimised in naturalistic settings by other available strategies (such as the use of visual cues). Thus a second aspect addressed by this study is to reduce the amount of processing required by the assessment measures.
The present study aimed to focus on the assessment of semantic and inferencing skill using two new measures designed with minimal processing demands in mind, through the use of visual prompts and limited non-verbal responses. Two clinical groups of children aged 11, those with typical SLI and those with PD, were compared on these tasks in relation to typically developing peers and two younger comparison groups aged 9 and 7 years (similar language levels, see table 1 later). Because of reported communicative behaviour in different groups with language impairment, the predictions were that: a) Clinical groups would perform more poorly than age matched peers on both tasks; that b) For the PD group, performance would be lower than that of even the younger controls and thus that c) Inferencing and semantic difficulty will prove to be significantly more marked for those in the PD group than for SLI peers. Finally we hypothesised that d) On qualitative analysis, the small group of children with autism would perform more poorly on both tasks than peers with either SLI or PD.
Method Design
This study used a cross-sectional, controlled design in which 2 clinical groups were compared to 3 typically developing groups. One of these control groups represented an age-match, whilst the others were intended to provide younger comparisons with less advanced language skills (see table 1 later).
In the design, uniformity of age of participants with language impairments was a primary consideration in order to obtain a meaningful picture of comprehension and semantic abilities of a large group of children with communication difficulties. First it was thought that children at this age would be old enough to show PD (pragmatic language difficulties are often only evident as being clinically significant once language development has reached a sufficiently advanced level). Second a cross-sectional sample at one age would minimise factors within the group involving changes in ability due to maturation. Children participating in the study were allocated to groups a priori as described below.
Participants

Clinical groups
All children participating in the study were recruited via language units (special high teacher-child ratio classes with speech-language therapy input) and mainstream schools. In total 3 children whose teachers felt they had pragmatic difficulties were tested but did not meet our CCC criteria below (with CCC scores of 139, 140, 141). Because of the strong positive clinical history of pragmatic impairment, we did not deem it appropriate to include these children in the typical SLI group and they were excluded from the study. 
Children with SLI (n=25)
These children all had a clinical history of SLI and at least one language test below 1sd from the published mean for age. However, they also had no current status or history of pragmatic impairments as measured by scores over 132 on the CCC pragmatic composite scale (Bishop, 1998) . All children had short form performance IQ's of 70 or above (17 children >85 IQ). Mean age was 10;11 (sd=4m) and 4 (16%) were girls. Just over half of this group had persistent expressive and receptive language problems (n=14). The remainder had expressive difficulties but four of these were also described as having a history of receptive difficulties. Three children (2 expressive and 1 mixed E/R) had concurrent articulation difficulties.
Children with pragmatic difficulties -PD (n=22)
Children in this group met one of two recognised diagnostic criteria, that of PLI or that of ASD. To qualify as PLI, (n=16) they were required to have Children's Communication Checklist (CCC) pragmatic scale scores of <132 at either 8 years of age (n=3) or 11 years of age (n=19) and short form performance IQs above 70. To qualify as ASD, (n=6) they were required to have Childhood Autism Rating Scale (CARS; Schopler, Reichler, Devellis & Daly, 1980) scores of >30, indicating an autistic spectrum disorder. No IQ threshold was set as this is not a requirement for the diagnosis of autism. In actuality, only 3 children had IQs below 85. All the six children with ASD also had CCC scores (mean=126.8, sd=13.6).
Despite wider variance in CCC scores, there was no significant difference between the ASD group and the PLI group (Mann Whitney exact p=0.97). Mean age of the total PD group was 10;10 (sd=6m) and 3 (14%) were girls. The typically developing children who helped with this study were all recruited from a selection of schools in urban and suburban areas. The children's families were contacted through the school and asked for written informed consent to take part. The children were recruited from three age groups: 7 year olds, 9 year olds and 11 year olds. These groups were chosen to provide comparisons with similar language ages (see Table 1 ) and as age matches. Parents were asked whether children had ever had speech and language therapy or special educational support. Of the 120 children who completed the task, 7 were excluded on these grounds. Therefore in total, 113 children participated. In the 7 year age group, there were 37 children, 21 of whom were girls and whose mean age was 7;7 (sd=3mths); in the 9 year group there were 40 children, 21 were girls and their mean age was 9;3 (sd=2mths); in the 11 year age group there were 35 children, 18 were girls and the mean age of this group was 11;6 (sd=4 mths). Data was collected by two postgraduate research assistants with experience of language data collection Experimental tasks Two key experimental tasks were used that had been developed and piloted by the second author.
Semantic Choices
The semantic task was devised using words extracted from the MRC Psycholinguistic Database of lexical items. The database was interrogated for sets of nouns, verbs and adjectives grouped according to established rated characteristics of concreteness and age of acquisition. This yielded 4 groups of items for each part of speech (high concrete/early, high 12 Children were also assessed using standardised measures of receptive language and cognition as follows, to determine how our original tasks correlated with standardised assessments:
WISC IIIR -short form (Wechsler, 1992) British Picture Vocabulary Scale (BPVS-II; Dunn, Dunn, Whetton & Burley, 1998) Test for Reception of Grammar (Bishop, 1983) Children's Communication Checklist (Bishop, 1998) Numbers vary on these tasks as not all participants managed to complete all tasks.
Procedure
Following informed written consent from families, children were visited at school and assessed individually in a quiet room or area. Data was collected by the first author and three other postgraduate research assistants with experience of language data collection Testing on the tasks was completed and for the clinical groups a wider battery of language and cognition tests was also administered. The testing took place during a single visit, at the child's own pace and with normal school breaks. Our procedure followed the ethical guidelines provided by the British Psychological Society (1995) . Results
Determining the abilities of children with SLI and PD Group comparisons Fig. 1 shows the means and confidence intervals of the clinical groups in relation to the normally developing children's group scores. Both ANOVAs showed significant differences across the 5 groups (Sem. Choices: F(4,153)=14.7, p<0.001; Inf: F(4,152)=3.3, p=0.01), and post hoc (independent) t-tests were used to reveal the different patterns.
For the Semantic Choices task, children with SLI performed significantly more poorly than age matched peers (t=5.4, df=57, p<0.001), and 9 year comparison children (t=2.7, df=62, p=0.01), but overlapped somewhat with the youngest children (7yrs, t=1.5, df=62 p=0.14).
The PD group showed marked significant differences from all normative groups (compared with 11yr, t=6.8, df=55, p<0.001; with 9yr, t=4.3, df=60, p<0.001; and with 7yr t=3.0, df=57,p=0.004). Although a trend was seen for children with PD to have lower scores than those with SLI this difference did not reach statistical significance in post hoc t-tests (t =1.5, df=44, p=0.14).
For Inferencing the children in both clinical groups scored more poorly than age-matched peers (SLI &11yrs, t=3.2, df=57, p=0.003; PD & 11 years, t=3.3, df=54, p=0.003). Neither group showed significant differences from younger age children (SLI & 7yrs, t=1.0, df=59, p=0.33; SLI & 9 yrs, t=0.94, df=62, p=0.35; PD & 7yr, t=1.1, df=56, p=0.27; PD & 9yr, t=1.1, df=59, p=0.29). SLI and PD groups also scored very similarly (t=0.2, df=43, p=0.88). When the small group (n=6) of children who had clinical diagnoses of autism (as reported by teachers/speech language therapists in children's notes) were examined separately, they appeared to be performing more poorly on both tasks with mean scores of 15.3 (sd=3.9) for Semantic Choices and 14.0 (sd=2.8) for Inferencing. However, this group was very small and when statistical comparison was performed using Mann-Whitney exact, neither task revealed significant differences (Semantic Choices, p=0.18; Inferencing, p=0.29).
Furthermore, the ASD group were not excluded on the basis of low IQ, and a significant difference in PIQ was found between the groups (PLI mean=116.2, ASD mean=76.5; Mann Whitney exact p=0.007). In a larger sample, statistically adjusting for this would likely make PLI and ASD even more similar. Finally, with the ASD children removed from analysis, a significant difference remained between the PLI group and the 7 year old comparison children on the Semantic Choices task (t=2.5; df=51, p=0.02) and on Inferencing between those with. PLI and 11 year peers (t=2.4, df=48,p=0.03). Thus further analyses include both these groups of children as part of the PD group.
Using a different PIQ threshold
Because there is ongoing debate about appropriate IQ cut-off's for those described as having specific language impairment, all children with PIQs below 85 (1sd) were then excluded from the analysis. This left 17 children with SLI and 19 children with PD. Analyses were redone with these smaller, more able groups. Semantic choices ANOVA was significant (F(4,142)=11.3, p<0.001). For inferencing the ANOVA fell short of significance (F(4,142)=2.00, p=0.10) although post-hoc t-tests revealed the same patterns as previously for both tasks. Unlike previously, the new groups resulted in a significant difference in IQ scores with the SLI group mean at 101.9 (sd=11.5) and the PLI group at 113.6 (sd=19.5; F(1,27) =4.3,p=0.049). Thus comparisons between SLI and PD groups (no IQ data was available for the typically developing groups) were recalculated using ANCOVA with PIQ as the covariate, but results followed the same pattern as previous analyses. SLI and PD groups were still not different on Semantic Choices (F(1,27) The current study aimed to explore the semantic and inferential skills of two groups of children with communication impairment and peers of different ages. Our first prediction, that children in both clinical groups would perform more poorly than age peers, was borne out, with significantly lower scores on the Semantic Choices task and the Inferencing Task.
We further suggested that the PD group would have particular difficulty in these areas of communication. This indirectly held true for the Semantic Choices task, in which children with SLI performed at the level of younger children, whilst the PD group showed significantly poorer scores than all comparison children. However, following on from this result, our prediction that the PD group would perform more poorly than those with SLI was not strongly supported by the data, although for Semantic Choices there was a trend for this group to score lower than the children with SLI. Similarly, although the mean of the small group of children with ASD was lower for both tasks, they were not significantly poorer on either.
Semantic ability and communication impairment
In some ways, the findings of this study are surprising given the recent observations of a dissociation between pragmatic and semantic impairments (Botting & Conti-Ramsden, 1999; Bishop, 1998) . The data suggest that the PD group do indeed have semantic difficulties and that these may not be in line with receptive language age. This may give some insight into the different pattern of language development that is reported clinically of this group. Moreover, when tasks were examined in relation to each other, it was the SLI group who showed little association between the skills (unlike typically developing or those with PD), suggesting that the strategies underlying performance on the tests for both groups warrant further exploration. It is of interest that tests of semantic ability often tend to focus on naming tasks or word finding, which require relatively superficial semantic knowledge. It is plausible that this task is more sensitive to the semantic impairments experienced by children with language impairment. Another possible explanation may be the presence of several children with ASD in our pragmatic language group, however even with these children removed, a significant difference between the PLI group and 7 year old comparison children was maintained.
On the other hand, the results reported here support previous studies in that no reliable differences were found between those with typical SLI and those thought to have pragmatic difficulties. In this sense, they reflect the position that semantic difficulties are not a defining characteristic of PD.
Inferential ability and communication difficulties
Despite clinical opinion to the contrary, other studies examining inferential ability have also struggled to measure any difference between those known to have pragmatic language difficulties and those with more typical SLI. Norbury and Bishop (2002) and Bishop and Adams (1992) found like the present study that children with pragmatic impairment were no different on tasks to SLI peers. Letts and Leionenen (2001) also reported similar results (although they have been able to report poorer performance in single case studies, see Leionenen and Letts, 1997) . A study examining inferencing ability in children with a so-called non-verbal learning disability also could not find differences between this group and a group with language impairment (Worling et al, 1999) . Why might this be the case? It could be that children with pragmatic difficulties do not in fact have a deficit in inferencing per se. That is, they may be able to make such judgements in the context of formal and 19 fictional situations, but have difficulty applying such knowledge in actual conversation.
For instance,. Norbury and Bishop (2002) found that children with communication impairments could all make inferences, but not all were relevant to the story. Secondly, there may be a timing factor. Children with PD might indeed have problems with the task but may be able to "work out" correct solutions given enough time perhaps drawing on different resources to the other clinical groups. Researchers helping with data collection reported that this group seemed slower at reaching their answers. This advantage may not be available in conversation when timing is crucial for cohesion , coherence and turn taking and thus this group may become much less competent in real-life communication.
Limitations and further research
Although this study points to some interesting findings semantic and inferential ability in different clinical subgroups, these data provide only a first step in providing adequate information about typical and atypical development as children get older. No measures of linguistic skill or cognitive ability were available on the typically developing groups of children and it has therefore not been possible to assess the relationship between the target tasks and other factors which is needed in future studies. Furthermore, it is evident that the children in even the youngest of our typically developing groups were very able at the tasks and were performing near ceiling. It would be interesting to examine performance on this task at even younger ages. One reason for the near ceiling performance may be the high probability of answering correctly by chance created by offering only two response choices.
This was done to minimise processing load (especially with special populations in mind), but future assessments would ideally have an additional foil response to allow more variation in scores. It was also noted during testing that children with PD and some younger typically developing children seemed to take more time over answering the questions, and thus the 20 measurement of reaction time on higher-level language tasks such as these might also be an interesting line of research in the future.
It might have been helpful for children to have given a justification for answers after completing the main task, especially where inferencing is concerned. In future studies, this might enable us to tease out any underlying differences between groups, work out why the PD and SLI groups did not differ and also why both groups with communication difficulty find this task harder than age-match peers. It might also have helped explain some of the failures on more ambiguous semantic items such as item 6: 'scratch -scrape or mark'.
However, Letts and Leionenen (2001) did not find a qualitative analysis of inferencing responses useful in discriminating those with pragmatic difficulties, nor was any effect on overall results found when individual semantic items (such as that above) were removed.
Finally, the numbers of participants here did not allow for in depth analysis such as separating skilled and less skilled subgroups, so future studies need larger group sizes to examine these areas of communication fully.
Concluding remarks and clinical implications
In summary, this study showed that semantic and inferential skill is poorer for those with communication difficulties than comparison children matched for age. This will not come as a surprise to most clinicians, but the measurement of these impairments has previously been difficult and the deficits hard to quantify. Furthermore, data presented here suggest that different clinical subgroups might perform differently on such tasks, and may be completing items using different strategies or underlying mechanisms. The difficulties seen here in a narrative task mean that problems with inferencing may not be confined to purely social paradigms which is especially interesting in relation to those with ASD. It is also interesting 21 that neither task related strongly to CCC pragmatic composite scale in either clinical group and we may need to examine more closely the online abilities of both groups in order to pin point the exact sources of pragmatic difficulty. This may in turn help remediation along with techniques such as Laing & Kahmi 's (2002) "think-aloud" strategy that enabled better inferencing performance in poor readers.
The tasks presented here have shown that clear differences can be identified between age-matched peers and different subgroups of children with communication impairments using short assessment tasks. However the tasks did not adequately distinguish between those with and without marked pragmatic difficulties. We hope that this study might encourage more interest in the assessment of higher-level comprehension abilities within clinical settings and the skills and strategies that underlie them. 
